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Fixture Models for De- Embeddlng

A

High Density Fixture with Multiple High Speed Connections

Channel Model
De-Embedding Options

Connector
Assembly
q (Samtec BuIIs Eye)

7-.

1) Direct Probe Measurement

2) Test Coupon Structure with

Micro-Coaxial W
G-S-G Probe = S ) s AFR
8 (Gigatest Labs) > ' :
" =)

DUT Channel Path * 3) Hybrid Multi-Path Simulation

oy St”ﬂ,'ff‘ ) s . \with Minimal Test Structurey
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| Test Fixture

Mirror image of
Path from Path from
Connector to BEGA Connector to BGA
launch launch

Connector
Launch o o Length of trace from o
connector to BGA in test

coupon is comparable to that o
of the 28G data channel

Full Test Fixture Path
(Connector to Connector)

* Routed on same layers as channel fixture traces
e J|dentical launch structures to channel fixtures
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| Test Fixture Layout

* Routed between Bullseye connectors.
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2X THRU AFR Dialog Box

Automatic Fidure Removal (AFR) - Differential

Description: AFR extracts fixture S-parameters from 2X Thrus and performs de-
embedding on the DUT +Fixtures measurement to characterize only the DUT.

* | Advanced settings

Concept
]
171
2X Thru k
.
122
.
DUT + Fixtures
Select 2X Thru file: ChUsersymresso\Desktopi\DesignCon 20142293 m E]
Save extracted fixture files for future use
Save fixture files to: ChlUsers\mressohDesktop\DesignCon 2014 E]

Basze file name; Mike

Mote: Suffix 1" and '2" will be appended to the base file name for the two fixtures

Bit | [ Help | [ SetasDefault
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I AFR Step -by- Step

E Physical Layer Test System - [2293mil_clk0_DUT - Time Demain (Differential):1]

(] Load 2X | HRl | flle B File Calibration Measure View | Utilities | Tools Data Format Window Help

= -y ) Characterize Adapter... —
O H G & @ /ﬂ -ara E'_'ZE QEEES Measura
. . |Data Browser / Edit Cal Kits...
eV dat - ' §
I eW a a I n =L/ Data Analysis 4 Port Reference Plane Adjustment.., =
=- |Z Time DomaipADifferential) | EJ] n port Reference Plane Adjustment... nm
D Iffe re nt I a I TI m e il_clk0_DUT : 1 Batched Reference Plane Adjustment o=
i main (Single-Ended —
° requency Domain (Balances Gating ' e
D O m a I n , Frequency Domain (Single-E Automatic Fixture Remaval b| Wizard..,
//[_"; Eye Diagram (Differential) Continuity Check single Ended... —
. y - |5 Eye Diagram (Single-Ended) System 0. | Differential... DQ -
° O A F R d | b AL/ RLCG Verity 2X Thru...
en 1alo OX o = i -
[#- L./ Calibration )
- J_,,q{ Template View
e Use 2X THRU as both
se dS DO
5,000 Chms/ TDD11 5.000 Ohms/ TDD11
2500 [ | | 1 1 1 1| 1 | |  |mew 126000 T T foen]

nnnnn

g

DUT and 2x THRU

: - A ] -
* Save fixture files . -

. b 0,00 ns(Step 4 84 ps) 0.50 ns/ 491ns = -1.00 ns(Step 10,51 ps) 210 ns/
YOU now have mOdEI Before AFR After AFR

of the test fixture |
DesicnGon



| AFR Step-by-Step

* Change into balanced
frequency domain

Double-check that
SDD21 has “gone to
zero” in the
frequency range of
interest

* Apply and Undo AFR
in various domains for
practice

B Physical Layer Test System - [2203mil_c|
EI File Calibration Measure View

D H L@ ¥ & @

Ik0_DUT - Time Domain (Differential):1]

| Data Browser

- ./ Data Analysis

[—] = Time Domain (Differential)
v ] 2293rmil_clk0_DUT : 1
\‘ [ Time Domain (Single-Ended

- | Frequency Domain (Balance:
- & Frequency Domain (Single-E

- | Eye Diagram (Differential)
- |5 Eye Diagram (Single-Ended)

Utilities | Tools Data Format Window Help
Characterize Adapter... - Measure
Edit Cal Kits..,
4 Port Reference Plane Adjustment.., = =
E M Port Reference Plane Adjustment... o
Batched Reference Plane Adjustment a=
Gating 3
Automatic Fixture Removal b| Wizard..,
Single Ended...

Continuity Check
System 20 ...

Hl- ./ RLCG

- . Calibration
H- L./ Template View

ren e SDD21

nnnnn

Before AFR

| Differential... DQ
Verify 2X Thru...

1

000
o
3.0

-20.000
-38.000
-52.000
-65.000
-78.000
91.000

4.000

50.00 GHz 17,000

After AFR
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5-, AFR Step- by Step

e Overlay fixture model
5.000 Ohms/ TDD11

onto the original 2x ooy,
THRU file | m
+ Open extracted test | W P
fixture model file oo
e Use “data sharing” to == ™ fww‘\
view both waveforms =~
onto one plot
* Notice perfect
matching waveforms  »w

DesicnGon



| Next Speaker

A N0 IO~ ) | ¢
> 28 Gb/s SERDES Channel Overview — Romi Mayder and
Jack Carrel (20min)

» Fixture S-parameter model from 2x Fixture Physical Test
Structures — Mike Resso (35 min)

» Fixture S-parameter model from Simulated
Measurement Based Model — Heidi Barnes (35 min)

» Waveform Measurements at the DUT using S-parameter
model de-embedding. Rob Sleigh (1 hour)

» Lessons Learned - Jack Carrel (15 min) DesicnCon



Back Up Slldes

» DesignCon 2011 Presentation Excerpts

» Co-developed with Dr. Eric Bogatin

> 2X THRU details

> Resources

DesicnGon
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Agilent Technologies

A Simple, Yet Powerful Method to
Characterize Differential Interconnects

Mike Resso, Agilent Technologies
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Overview

Measurements in perspective

The automatic fixture removal (AFR) technique for
symmetric fixtures

Looking under the hood
Examples and accuracy estimates
Break

Revealing the secrets to practical applications
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The Roles of Interconnect Measurements
(S-Parameters)

Emulate system performance with a S EES
behavioral model

Characterize a component

Verify a component to a spec

Validate simulation/model to hardware

Extract materials properties

Debug a problem

—— B
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The Problem: Directly Measuring a
Behavioral Model of a Specific Structure

« What | want to measure is embedded in the middle of
a bunch of interconnect | don’t care about

© dl o

| just want the via structure, or the connector, or the cable,
or the interface, or the uniform trace,...
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The Solution: De-embedding

 Traditional Calibration
v SOLT

v" TRL (thru, reflect, line)
v' LRM (line, reflect, match)

* De-embedding using
v Measured text fixtures

v’ Calculated test fixtures by 3D full wave field solver
v’ Calculated text fixtures by approximation (port extension)

 The new way: really simple, automatic fixture removal
(AFR)

v' Must have a symmetric, 2x thru of the fixture only
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De-Embedding “Automagically”

DUT |,
What we want: DUT performance
Sp
What we measure: > >
composite measurement ) DUT | ' }
of DUT and fixtures )
SA SD SB

With the separate fixtures’
S-Parameters, we can de- — J " =

embed the DUT alone DUT } '
from the composite «

measurements
Sa Sp Sg

The challenge: getting the S, and S; de-embed files
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(D The Automatic Fixture Removal (AFR) Process for
a Mirror-Image Symmetrical Fixture

(Looking Under the Hood)
Port 1 : Port 2

PACKAGE PACKAG T/

TYPE A USB3.0 | TYPE B USB3.0
RECEPTACLE

PCB INTERONNECT

we measure S,
we want SA, SB

P
<«

1 SA > SB > b2
a S21A 4 so21B
Port 1 S11A S22A S11B S22B Port 2
S12A S12B
bl < Ve y < Y¢ a2

Apply:

» Symmetry in the fixture: S11A = S22B, S22A = S11B, S21A = S12A=S21B = S12B
* Network Theory

 Calculate S-parameter file for each mirror image half of the fixture.
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A Key Step in the Complete Process:
Use Time Domain Gating to Get S11A, S22B

% L T, { Use time domain gating to get T11A from T11
|
0.04 |
: 0.03
0.03 |
0.02
0.02 I
l 0.01 j
0.01 i
| 0.00
0.00 :
| .01 /
0.01
I
|
002 5o ns(Step 1.41 ps) |

0.02 0.50 ns(Step 1.41 ps) 0.50 ns/
0.50 ns/ .
5.00 dB S1 Turn T11A Into SllA

/
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Final Step: Calculating Just the Half-Fixture
S-Parameter Files

ey
b
'

!
Ll
J
¥
i‘ii| Boh RN E R E B R B
LI H
|
it
#
I
I8
#

= : *  The result:
v' The half fixture S-parameters

[
My
L T

[

: m v Use these files to de-embed
- e e the DUT, using PLTS or ADS

[T
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The Complete Process of Extracting The
DUT from the DUT + Fixture

Step 1: Start with
v' DUT + fixture

v’ 2x thru ref fixture

Step 2: Apply AFR to 2x thru ref fixture to get de-
embed files

Step 3: De-embed DUT only from DUT + fixture
Step 4: Analyze the de-embedded DUT
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An Example:
4-port measurement of a
Samtec Board to Board Connector

2X thru ref fixture

AT L B LA Y
-
r.
J<r
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« Step 1: Start with

v DUT + fixture

v' 2x thru ref fixture

Samtec Connector
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Samtec Connector
Always look at your data
“You can observe a lot by looking” -- Yogi Berra

e . . T11 DUT + fixture
. 1 o, N \
Step 1: Start with I A I \.\
.  peattngrmtn, J \—-._—\/
v' DUT + fixture oo il
v' 2x thru ref fixture 1500 connector

40.00

1 - 2

35.00
-0.25 ns(Step 1.31 ps) 0.25 ns/ 228 ns

T11 DUT + fixt

60.00

55.00 l ™\ P

- N V’%Z
|

IT + fixture

45,00 =L T HAGCH

o ﬂ NEXT T31, T4Z

M

Real world issue #1: not all the fixtures are identical or symmetric
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Samtec Connector

o \DUT + fixture
55.00 I\‘ e
50.00 ‘\' U \b{jvg.@gz
° Ste 2 A I AFR tO 45.00 2X thru re f|Xt re
% th)lru. re?l?izture to Real world issue #2: 2x thru ref fixture # fixture with DUT

40.00

get de-embed files L EELD TG 025 ns/ 225 s
| DUT + fixture: T11, T22,T33

40.00

-0.25 ns(Step 1.31 ps) 0.25 ns/ 225ns
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Samtec Connector

60.00

Step 2: Apply AFR to
2x thru ref fixture to
get de-embed files

40.00

60.00

55.00

50.00

4500

40.00

T14A half fixture
1 ’\' S T11 fixture
\

T11A haIP‘ fixture, excellent ma‘tch to

T11 fixture

v

-0.25 ns(Step 0.61 ps) 0.25 ns/

228 ns

T22B half fixture

AT

\Y

12

fixture

T22B half fixture, not perfect n

natch

to T22 fixt

Lre

-0.25 ns(Step 0.61 ps) 0.25 ns/

228 ns

Real world issue #3: 2x thru ref fixture not perfectly symmetrical
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Samtec Connector

/
f

De-embed file A

e
"
b
4

|
I
IH
{
i‘ni| B BEE BB ER B E R
IH L]
§
i
#
¢

« Step 2: Apply AFRto =y ~ § B
2x thru ref fixture to =k - : :
get de-embed files T e e G — B
R
- -l ' - T
De-embed file B =] |
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Step 3: De-embed

Samtec Connector

0.00

-10.00

-20.00

-30.00

-40.00

-60.00

DUT only from DUT =

+ fixture

-10.00

-20.00

-30.00

-40.00

-50.00

Insertion and return loss
DUT + fixture, DUT only

10.00 MHz(Step 10.00 MHz)

1999.00 MHz/

20000.00 MHz

AN

UT + fixt

ure, D!.JT only

10.00 MHz(Step 10.00 MHz)

1999.00 MHz/

20000.00 MHz
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Samtec Connector

T11 fixture + DUT

|
AN A
55.00 50.00 3 \/"““""\4

_ Vs

11 DUT onl

<

40.00 35.00

At this rise time ~ 50 psec, connector impedance is
lower than as measured in the fixture

2.00dB/ 821

0.00

S21

'VY*\'\ 5:521

e N a
« Step 4: Analyze the \
de-embedded DUT \MW“'\“:\ V /
| Il

. \
| V

Most of the attenuation is due to the fixture
Resonance dips probably due to coupling to other open lines

-2.00

-4.00

- |
.
]
— -:.._:
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How Well Does The AFR Method Really Work?

* Plan A real Via

v' Model a real physical system with an equivalent circuit
model to create a known response

v" Use a single via with transmission line feeds and typical
launches

v' Create S-parameters for a simulated DUT and a
simulated fixture

v" Change features in fixture and compare de-embedded
DUT with actual DUT

v Explore the sensitivity of the fixture on the de- Courtesy of Wild River
embedded DUT Technologies

Measured TDR response Yo

°
X RS ‘o‘ °
° o
. i BT ° ;) .
5 . =
L ' °
° o .' 2 = ©
° ® ° 4

What circuit elements should we include in the mbdel for this DUT + fixture?
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Building Calibration Examples Using Synthesized
S-Parameter Data

Courtesy of Wild River
Technologies

Using Agilent ADS to synthesize
precision S-parameter files to test the

accuracy of the AFR Method Areal Via

(this way we know what the answer is supposed to be)

c. A S|mulated Vla |

* A Simple Model of a Thru Szopm.apam; o |
Viain ADS e
v' 0.25 inch long, 50 Ohm line e A

feed on top and bottom o KDk '—'ITLF _ o j

. F=1GHz = . . . .

v' 0.25 pF capture pad on the B T - Numez

top, bottom surface | o AT e

¥" 64 mil long uniform 60 Ohm S -;_gcpﬁwépa;p; T

transmission line Y . LN

- Sigma=0 - - -
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Synthesize Precision S-Parameters for a
Simulated Via Inside a Fixture

Eaﬂ real ttg,m,w’ . g I
e o T e R S ‘I.The simulated model:
,o. X 3"1‘ . °°°°°° °°o°:° . . L L . . .

o ° ° -4 2 Ouu

\\6“'

C=C_pF_viaPad pF

lilxture + via

 Fixture on either side is:
v' 3 inch uniform, lossy transmission line, with launches The simulated model:
v’ 2x thru ref fixture same as the DUT launch 2x thru ref fixture

« 2x thru ref fixture only Ej % e Ql @

- Apply AFR to three cases: e e i
v' Case 1: fixture is uniform lossy transmission line

v' Case 2: fixture is non uniform, lossy line

v' Case 3: fixture is not perfectly mirror image
symmetrical, non uniform, lossy line

v' Case 4: fixture is perfectly mirror image symmetrical,
but 2x ref thru is not
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Case 1: Fixture is Uniform, 50 Ohm, Lossy
Symmetric Transmission Line
« Step 1: Start with 1000 =11 Via + Fixture
v DUT + fixture o ~ “-‘-\,\ Dl
v 2x thru ref fixture / \ /
-30.00 /
S11 Px thru ref fixtM
| TATAVAVA Y Vo,
000 Sz21 2x|thru ref fixture
\"‘w‘:‘_:w-.__
-5.00 e S—
501 Via Fix:;;%%\
10.00 :D - e
15.00 \\‘
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Case 1: Fixture is Uniform, 50 Ohm, Lossy
Symmetric Transmission Line

Step 2: Apply AFR to
2x thru ref fixture to
get de-embed files

0.00

-10.00

-20.00

-30.00

-40.00

-60.00

-70.00

-80.00

-80.00

-100.00

2x thru ref fixture only

T ——

——

SP1 — = —
II_\'\ I\
S11
n n"I tH WWWWwwwwananaan

10.00 MHz(Step 10.00 MHz)

1899.00 MHz/

20000.00 MHz

00000

uuuuu

00000

Le

ft

na

If ¢

f 1

fixtur

0.00 MHz(Step 10.00 MH:

-
=
-
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Case 1: Fixture is Uniform, 50 Ohm, Lossy
Symmetric Transmission Line

0.00 — ,h: 11 Vld + F:lxt e
“"‘-————..___________H
/"'"_— TN _/-/"

o/ N
\/

-40.00

« Step 3: De-embed 8 - e, ”ﬂ{
DUT only from DUT : _ B |
+ fixture gL L half of fiywre Righghalf of fixture |
0.00
-20.00 /// \\\ f/
-40.00 ] V
... | Via Model Only (de-embedded)

10.00 MHz(Step 10.00 MHz) 1999.00 MHZ/ 20000.00 MHzZ
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Case 1: Fixture is Uniform, 50 Ohm, Lossy
Symmetric Transmission Line

0.00
- De-embedded via model
e ~. /
-40.00 ( N .
Correct via model
-50.00
10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz
0.00 '_"""""----.....“___hh-__ _'.-\\
200 Detembedded via model N
« Step 4: Analyze the
-4.00 .
de-embedded DUT Correct via model N
-3.00 T

via model

Jheﬂe-embgdd?dyja_m%)del_ijmetty__
I

goclﬁd m|atch| to the a}:tu

-10.00

10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz
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Case 2: Fixture is non-uniform, 50 Ohm,

Lossy Symmetric Transmission Line

Step 1: Start with

v DUT + fixture
v' 2x thru ref fixture

55.00

50.00

45.00

T11 Via

+ Fix

ture

N

-

0.00
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Case 2: Fixture is non-uniform, 50 Ohm,
Lossy Symmetric Transmission Line

::::ﬂ Via =+ FiXIUI; A
AN \..\‘ ad |
\/

-20.00

3000 De-embedded viay
Step 3: De-embed 000
DUT only from DUT | aaY be-embedded/via " MA |
+ fixture -5.00 \,\P!‘-’n\[\ \A
A A"aY V)
Vial + Fixture AA%

-10.00 v "v\‘\/‘\}
\A
-15.00 v V\/\

-20.00 LT

-25.00
10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz

J—
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Case 2: Fixture is non-uniform, 50 Ohm,

Lossy Symmetric Transmission Line

Step 4: Analyze the
de-embedded DUT

0.00

De-embedded viajmo
-10.00 ___...---—='—---....

-20.00 /// (
|

Correct via model

10.00 MHzi{Step 10.00 MHz) 1989.00 MHz/ 20000.00 MHz

0.00 R g TS
(Carroact \v/in m:m |
200 COoHeCtVia moaet
-4.00 |
-6.00 “;“
-8.00
e-embedded viajmodel

-10.00

10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz
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Case 3: Fixture is Non-uniform, Asymmetric
Lossy Transmission Line

« Step 1: Start with w0 = T11 Via + Fixture
v DUT + fixture 50.00 530 ”~
v' 2x thru ref fixture F
45.00 ' d 47 O V
40.00 I

5500

T11 2x ref fixture| Fixture

O
50.00 | oo i r

500 ' ara |
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Case 3: Fixture is Non-uniform, Asymmetric
Lossy Transmission

0.00

-10.00

-20.00

Step 3: De-embed -
DUT only from DUT 000
+ fixture

_Ine
\ 7/ . s | fil
Via T FIXWUle
ANAANA MNV

y ¥

N3

De-embedded vi

10.00 MHz(Step 10.00 MHz)

1999.00 MHz/

20000.00 MHz

R
“\.\,\,\P

MM’WW

De-embedde

d vis

v\m\/\r\,\,

Vi

a2+ Fixtu

T7X<

10.00 MHz(Step 10.00 MHz)

1999.00 MHz/

20000.00 MHz
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Case 3: Fixture is Non-uniform, Asymmetric

Lossy Transmission Line

A

0.00

De-embedded via mowv

-10.00 e

| / ™

-30.00
-40.00 /
Ca

rrect via mode

-50.00
10.00 MHz(Step 10.00 MHz) 1999.00 MHz/

20000.00 MHz

Q)

0.00 4“"%%& ﬂ w

3
Q

Step 4: Analyze the

de-embedded DUT 400

D
L

Even with asymmetric fixture, agreement is pretty good

20000.00 MHz
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Case 3: Fixture is Non-uniform,

55.00
50.00
45.00

40.00

Step 4: Analyze the
de-embedded DUT

Asymmetric Lossy Transmission Line

sahily,

T11

P

1

S50.00

45 00

4.0_00

3500

T11 Correc

Via + Fixture

Y-—-\v
T11 Correct Vi

>t via mg

a madel

del

dded vi

l T11 [fe-embe

Even with asymmetric fixture, agreement is pretty good

A model
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Case 4. 2x ref thru iIs Asymmetric Lossy
Transmission Line, fixture is symmetric

5500

Step 1: Start with

v DUT + fixture
v' 2x thru ref fixture 45,00

50.00

40.00

35.00

55.00

50.00

4500

40.00

35.00

T

11 Via + Fixtu

re

0]

T11 2K ref

fixtu

re Fi

Xture

47 Q J

Note: 2x thru ref fixture is different from the DUT + fixture
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Case 4. 2x ref thru iIs Asymmetric Lossy
Transmission Line, fixture is symmetric
A
e De-embedded via model M
10.00 Pae"‘ﬁb“-b
-20.00 v
“0.00 Correct via model Y
=000 10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz
Dé—embe ded viamodel
0.00 W% v‘\lr\f__\'fwwv\ W
« Step 4: Analyze the 2 “’\l
de-embedded DUT 0 Correct via [model ‘ll;
100 10.00 MHz(Step 10.00 MHz) 1999.00 MHz/ 20000.00 MHz
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Case 4. 2x ref thru iIs Asymmetric Lossy
Transmission Line, fixture is symmetric

60.00

55.00

50.00

45.00

40.00

Step 4: Analyze the 35.00
de-embedded DUT

De

-embg¢

rdded

viam

odel

e

Cor

rect vi

a mod

el

-0.20 ns(Step 0.31 ps)

010 nsf
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Observations About ANY De-embed Process

« ANY de-embedding technigue relies on:
v' the reference structures being identical to the fixture structures

v" The fixture feeds on both ends of the DUT being identical

« The accuracy of ANY de-embed process is only as
good as the quality of the fixture and references

« The Automatic Fixture Removal (AFR) process is
simple to implement
v' Can be applied to single ended interconnects

v' Can be applied to differential interconnects
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v

v

NN NN

ANERNEEN

v

Application H+Heks Methods

« Always design in a 2x thru ref fixture to be identical to the actual fixture to the
DUT

« Always split the reference plane in a uniform transmission line region

Otherwise, the fringe fields are specific to the probe and intrinsic to the DUT

« Always design the fixture as transparent as possible

Short length, low loss

Uniform transmission lines matched to 50 Ohms

Short via stubs

Signal vias surrounded by return vias

Optimize barrel diameter, clearance holes to make 50 Ohm via

Minimum coupling between the lines

 What if the fixtures on the two ends are not the same?

Build two different 2x thru fixtures- both symmetric
Extract S-parameter files for each half fixture
Use a different de-embed files on each end

(need a picture!)

« Always compare T11, T22 of assembly,T11, T22 of fixture
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After the Break:

* Revealing the secrets to practical
measurements

v Uniform transmission line and loss per
length

v"Via or circuit board feature
v Connector models

v’ Cable properties




